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Abstract

Due to the prolonged impact of COVID-19 in 2020, there has been a shift from non-face-to-face, "Untact”
life to online, face-to—face, "Ontact” life. In this context, a singer named ‘Travis Scott’ held an online concert
in the 'Fortnite’ and reaped substantial profits, while the late 'The Notorious BILG." also organized a live
performance on a ‘Horizon World. These phenomena took place within a virtual space known as the
Metaverse, and the concept of the Metaverse gained rapid prominence due to active engagements. The
performances described above involve the creation of spaces within the Metaverse, akin to theaters, stages,
and outdoor plazas, where multiple individuals can congregate. These spaces allow for direct experiential
engagement with copyrighted works within the virtual domain. While the utilization of copyrighted works in
virtual spaces is permissible under the current copyright framework, the amalgamation of copyrighted elements
such as dance, architecture, fashion, crafts, and furniture complicates the management of each copyright.

To address this challenge, this paper proposes the utilization of a hierarchical NFT system. This system aims
to organize large—scale virtual performances, designating a "Root Node” for the overall event and configuring each
individual work encompassed within the performance as a separate "Leaf Node.” This hierarchical approach
facilitates the management of distinct copyright permissions for each work. Through this paper, it is anticipated
that effective management of integrated copyrights, as seen in virtual performances, will become feasible.
Furthermore, it is expected that transactions involving copyrighted works, such as permission agreements for their
usage, will experience heightened activation.
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Table 3. Hierarchical NFT structure for virtual

performances
T 32 Arg
Token ID | String 3 NFT2 ID
Owner String A NFT LFF
) S NFT AH
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IndexChild . A2 NFTe| ID
renArray String Aray v
InfoChildre . A2 NFT Ax
nArTay StringArray el
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Table 4. Root NFT Minting algorithm

Algorithm 1: Hierarchical NFT Minting(Root)

Input : OwnerAddress, TokenID, TokenURI,
NFETInfo

Output : RootNFT

if isZeroAddress(TokenID) = True &&
isExists(TokenID) ==
return Err

mintNFT(TokenID, TokenURI, TokenID(0),
TokenID(0), TokenID(0), NFTInfo)

transferNFT(Address(0), OwnerAddress, TokenID)

True do

% 449 Root NFTE %9l Parent ID%}
Child IDE EF 0o2 AAsta, #4219 Token
D¢t Token URIRHS: A/4Jdte] NFTE A4 g

Leaf NFTE A4d3t= 49 Parent IDUHS
NFT &4 Al s218ke] Child ID& 028 4%
t}. 71 % Parent NFT9| IndexChildrenArraye©l
Child IDE F71sted NFT A& wHref gttt

FE 5. Leaf NFT MM 12| &E
Table 5. Leaf NFT Minting algorithm

Algorithm 2: Hierarchical NFT Minting(Leaf)
Input : OwnerAddress, TokenID, TokenURI,

ParentID, NFTInfo
Output : LeafNFT

if isZeroAddress(TokenID) = Tiue &&
isExists(TokenID) == True do
return Err

beforeMintWithParent(OwnerAddress, ParentID,
IndexChildrenArray.add(ChildID),
InfoArray.add(NFTInfo))

mintNEFT(TokenID, TokenURI, ParentID,
TokenID(0), NFTInfo)

transferNFT(Address(0), OwnerAddress, TokenID)
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Table 6. Branch NFT Minting algorithm

E7.NFT Al <22|&
Table 7. NFT Transfer algorithm

Algorithm 3: Hierarchical NFT Minting(Branch)
Input : OwnerAddress, TokenID, TokenURI,

ParentID, ChildID, NFTInfo
Output : LeafNFT

if isZeroAddress(TokenID) = 7rue &&
isExists(TokenID) == True do
return Err

beforeMintWithParent(OwnerAddress, ParentID,
IndexChildrenArray.add(ChildID),
InfoArray.add(NFTInfo))

mintNFT(TokenID, TokenURI, ParentID,
ChildID, TokenID(0), NFTInfo)

transferNF T(Address(0), OwnerAddress, TokenID)

afterMintWithParent(OwnerAddress, ChildID,
TokenID)

Branch NFTE AAsh= 4% % 647 Parent
ID, Child ID ¥ $A%o} NFTE 443,
Parent NFTol|4+= IndexChildrenArray®l] Child ID
= ZF7}stal, Child NFTOlA+ Parnet IDE 37}
o= Z0® NFT A4S vl gt

4.3 AZH 7H43A NFT Helf tHA|
ASH 7 NFTY Ade ¢
ERC-721 Token Standardol| 4] ¢] 2] 2}
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13]

to Mo L rSL

Algorithm 4: Hierarchical NFT Transfer
Input : OwnerAddress, TokenID, ToAddress

Output : NFT

if isZeroAddress(TokenID) = Tiue &&
isExists(TokenID) == 7rue do
return Err

transferNF T(OwnerAddress, ToAddress,
TokenID)

approve(ManagerAddress, TokenID)

E 8 NFT &7zt ¢e|&
Table 8. NFT Burnning algorithm

Algorithm 5: Hierarchical NFT Burn
Input : OwnerAddress, TokenID, ToAddress

Output : NFT

if isZeroAddress(TokenID) = Tiue &&
isExists(TokenID) == True do
return Err

transferNFT\OwnerAddress, Address(0), TokenID)
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